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(71) We, Vsesojuzny Nauchno 

1SSLEDOVATBLSKY I KONOTRUKTORSKY IN- 

stttut Khimicheskogo Masiunostroenia, 
of Moscow, Union of Soviet Socialist Re- 
publics (USSR), a State Enterprise organised 
and existing under the laws of the USSR • 
and : Leningradskoe Vyssheb Tnzhener- 

NOB MORSKOE UCHOJSCHE IMENI ADMIRALA 

Makarova S.O., of Kosava linia, 15a, 
Leningrad, USSR, a State Enterprise or- 
ganised and existing under the lam of the 
USSR, do hereby declare the invention, for 
which we pray that a patent may be granted 
to us, and the method by which it is to be 
performed, to be particularly described in 
and by the following statement: — 

The present invention relates to a resilient 
rotor support for a centrifugal machine hav- 
ing a drive member drivingly connected to a 
vertical rotor assembly. 

The present invention is especially but not 
exclusively intended for use in vertical cen- 
trifuges, and centrifugal separators. 

The known support assemblies of vertical 
rotors of centrifuges comprises a housing 
wherein installed in the bearings is a vertical 
drive shaft rotating the rotor shaft of the 
centrifuge. The torque from an electric 
motor is transmitted to the drive shaft by 
means of a belt drive or via a clutch. The 
housing of the support assembly is fastened 
\Price 33p} 



to the housing of the centrifuge employing 
any known method. * * 

By employing the principle of mounting 
toe centrifuge rotor on the drive shaft of 
the support assembly and the housing of the 
assembly on the centrifuge housing, the cen- 
trifuge designs can be conditionally divided 
into two types. 

- .J he type may encompass such cen- 
tniuges whose rotor is rigidly connected to 
toe drive shaft of the support assembly, and 
the housing of the support assembly is 
mounted on the centrifuge housing by means 
of shock absorbers. 

The centrifuge claimed in the US Patent 
Specification No. 3,061,181 can serve as an 
example of such a vertical centrifuge. 

The second type embraces such centri- 
fuges whose support assembly housing is 
rigidly mounted on the centrifuge housing 
(or it is integral part of this housing), and 
the suspended rotor is attached to the drive 
shaft by means of an elastic support in the 
form of a clutch fabricated of rubber 

«cP e ^ ntrifufies of ^ American * firm 
Miarples can serve as an example of such 
vertical centrifuges. 

Tlie above-mentioned known designs of 
vertical centrifuges have a number of^essen- 
tiai disadvantages. 

It is well known that the rotor, being the 
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working mechanism, changes with time its 
static and dynamic imbalances stipulating 
the need of reducing the dynamic compon- 
ents of the support reactions of its support 
5 assembly, these reactions finally determining 
the overall resources of the machine. 

The first of the said types of centrifuges 
with a sufficient vibroinsulation from the 
base does not meet this requirement im- 

10 posed on the support assembly of the rotor. 
In the second type of the vertical centri- 
fuges in question the design of the rotor 
support assembly provides for its self- 
centring, however, this type also possesses 

15 disadvantages of which the main ones are 
to be followed below. 

Firstly, the elastic support of the rotor 
support assembly fabricated of rubber or 
other compressible material is characterised 

20 in such centrifuges by a considerable non- 
linearity, thus accounting for the non-iden- 
tity of the transient processes during rotor 
acceleration and rundown leading to impair- 
ing its adjustment from critical speeds. 

25 Secondly, the compressible materials are 
subjected to "aging**, Le. to a change in their 
flexible characteristics as time goes on. This 
accounts for the non-stability of the rotor 
dynamics with time which also hampers the 

30 adjustment from critical speeds and, finally, 
reduces the service life of the bearing sup- 
ports of the centrifuge. 

Thirdly, the design of the said rotor 
elastic support does not provide the inde- 

35 pendence of its flexibility coefficients at any 
radial vibrations of the rotor and its any 
axial vibrations which also accounts for the 
difficulty of the adjustment from critical 
speeds. 

40 It is an ob ject of the present invention to 
obviate or mitigate the above disadvantages- 
According to the present invention a resi- 
lient rotor support for a centrifugal machine 
having a drive member drivingly connected 

45 to a vertical rotor assembly, comprises an 
elastic support adapted to carry the rotor 
assembly in an upright position and includ- 
ing a first group of elastic components con- 
sisting of at least three elastic components 

50 which in the course of rotation of the said 
rotor assembly oscillate only in a radial 
direction with respect to the axis of the said 
rotor and a second group of elastic com- 
ponents consisting of at least three elastic 

55 components which in the course of rotation 
of the said rotor assembly oscillate only in 
an axial direction relative to the rotor as- 
sembly; and a rigid member inter-connecting 
the elastic components of the said first and 

60 second groups. 

By the above support of the present in- 
vention, there is provided an elastic sup- 
port for a rotor assembly which enables the 
assembly to have four degrees of freedom 

65 but excluding the support's own rotation 



possesses flexibility coefficients independent 
of each other at any radial and axial vibra- 
tions of the rotor assembly, thus ensuring 
a reduction of dynamic components of the 
support reactions of the rotor support as- 70 
sembly and, consequently an increase in the 
service life of the machine bearings. 

Such an arrangement makes it possible to 
attain independent flexibility coefficients of 
the rotor elastic support in the radial and 75 
axial directions and to prevent the flexibility 
characteristics from being changed as time 
goes on, thus enabling stability to be attained 
and an easy adjustment of the rotor dyna- 
mics from critical speeds to be accomplished. 80 

In a possible embodiment of the inven- 
tion, the elastic components of the two said 
groups are adapted for simultaneous con- 
nection to the drive member for rotation 
therewith to impart a torque to the rotor as- 85 
sembly, with the rigid member drivingly en- 
gaging the rotor assembly. 

Such an arrangement permits these sup- 
port assemblies to be used for heavy slow- 
speed rotors. 9Q 

In another embodiment of the invention, 
the elastic components of the two said 
groups are adapted for simultaneous con- 
nection to a stationary casing portion of the 
centrifugal machine, with the rotor assemb- 95 
Iy rotating loosely in the rigid member, the 
rotor assembly being adapted for connection 
to the drive member by means of an elastic 
clutch whose flexibility coefficients are sub- 
stantially less than that of any of the said 100 
groups of elastic components. 

Such an arrangement makes it possible 
to eliminate the effect of the centrifugal 
forces of inertia on the elastic components 
of. the support thus increasing their 105 
strength. 

Preferably the rigid member is in the form 
of a rigid bush, and the first group of elastic 
components is formed by an elastic bush 
concentric with the said rigid bush and con- 110 
nected thereto, by radial web means uni- 
formly spaced annularly around the elastic 
bush with the said elastic bush having on 
its outer surface radial projections located 
intermediately of said axial web means, and 115 
the second group of elastic components is 
formed by an elastic washer coaxial with 
the said rigid bush and located at least at 
one end of the rigid bush, the washer being 
connected to said one end of the rigid bush, 120 
by axial web means uniformly spaced on the 
circumference of the washer, with the said 
elastic washer having on its outer end axial 
projections located intermediately of the 
said axial web means. 125 

Such an arrangement makes it possible to 
provide a support assembly with actually any 
required flexibility coefficient for both rota- 
table and non-rotatable elastic supports. 

Preferably further two or more concentric 130 
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bushes are interconnected by radial webs 
arranged in adjacent staggered rows. 

Such a simultaneous connection of the 
elastic components in the first group of the 
5 elastic support makes it possible to reduce 
its radial flexibility coefficients (and those of 
the support assembly as a whole) without 
impairing their strength. 
When two or more washers are employed, 

10 they can be connected with each other and 
with the rigid component by the axial webs 
staggered in the adjacent rows. 

Such a sequential connection of the elastic 
components in the second group allows for 

15 decreasing its axial flexibility coefficient and 
that of the support assembly as a whole with- 
out impairing its strength. 

Preferably the rigid member is in the 
form of two concentric support bushes, with 

20 the first group of elastic components located 
therebetween and formed by a plurality of 
elastic part cylindrical portions extending co- 
axially with said bushes, with each of the 
said part cylindrical portions connected to 

25 the inner support bush by means of a radial 
web located at one side edge of the portion, 
and to the outer support bush by means of a 
second radial web located at the other side 
edge of the portion, and the second group of 

30 elastic components is formed, by flat annu- 
lar sector parts uniformly located at one end 
of the said inner support bush, each of the 
said sector parts having one end connected 
to the end of the said inner support bush 

35 by means of an axial web and the other 
end connected to the support washer by a 
further axial web. 

Such an arrangement provides a reduction 
of the radial and axial flexibility coefficients 

40 of the elastic support and the support as- 
sembly as a whole without impairing their 
strength or increasing their size. 

According to another embodiment of the 
invention, the rigid member is in the form 

45 of a rigid bush adapted for location around 
a rotor shaft and is adapted to be suspended 
from an annular flange of the drive shaft 
by means of vertical elastic rods uniformly 
located around the flange, which rods con- 

50 stitute the first group of elastic components 
and the second group of elastic components 
is in the form of an end elastic washer loc- 
ated inside the rigid bush, the bush having 
its lower end adapted to support a flange of 

55 the rotor shaft, the washer being located 
below the rotor shaft flange. 

Such an arrangement can provide support 
assemblies which eliminate any tangible 
damping. 

60 It is expedient to have the upper end of 
the rotor shaft flange rested against another 
thin elastic washer also secured inside the 
rigid bushing. 
Such an arrangement makes it possible to 

65 _ increase the axial flexibility coefficient of 



the elastic support due to elastic washers 
held in parallel without increasing substan- 
tially the size of the support 

Both ends of each rod may be rigidly 
fastened. 70 

Any end of each rod may be fastened by 
means of a spherical pivot 

The two latter features of the invention 
make it possible to increase or decrease res- 
pectively the radial flexibility coefficients of 75 
the elastic support without changing its size. 

The inventon will further be explained by 
way of example by describing a support as- 
sembly of the vertical centrifuge suspended 
rotor, however, it can be applied to any ver- 80 
tical rotor. 

Embodiments of support assemblies of the 
vertical rotor according to the invention axe 
described with reference to the accompany- 
ing drawings, in which:— 85 

Fig. 1 is a diagrammatic general view with 
a longitudinal cross-section of a vertical cen- 
trifuge with a support assembly of the sus- 
pended rotor, according to the invention, 
wherein the elastic support is rotatable; 90 

Fig. 2 is the same view with a longitudinal 
cross-section of the embodiment with a sta- 
tionary elastic support; 

Fig. 3 is the first embodiment of the elastic 
support; 95 

Fig. 4 is a longitudinal cross-section of a 
support assembly with the first embodiment 
of the rotatable support; 

Fig, 5 is the second embodiment of the 
elastic support; 100 

Fig. 6 is the third embodiment of the 
elastic support; 

Fig. 7 is a sectional view of the same 
embodiment on line VII — VIE of Fig. 6; 

Fig. 8 is the fourth embodiment of the 105 
elastic support; 

Fig. 9 is the fifth embodiment of the elastic 
support; 

Fig. 10 — 13 are embodiments of elastic 
washers for the elastic support embodiment 110 
of Fig. 8. 

Fastened to the base 1 (Fig. 1) of the ver- 
tical centrifuge is a cylindrical housing 2 
wherein a rotor 3 with the upper support 
assembly 4 is installed along its axis. 115 

This assembly 4 is equipped with a hous- 
ing 5 rigidly fastened to the housing 2 of the 
centrifuge and containing the drive shaft 7 
of the rotor 3 vertically installed in two 
radial bearings 6. The upper end of the drive 120 
shaft 7 is connected to the shaft of the elec- 
tric motor 9 by means of a belt drive 8, 
whereas the rotor 3 is suspended from its 
lower end by means of the elastic support 

10- 125 

The elastic support 10, according to the 
invention, consists of two groups A and B 
of elastic components, each one containing 
four elastic components, 11 and 12 rcspec- 
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tively connected to the rigid component 13 
common to the groups A and B. 

The elastic components 11 of the group 
A vibrate only in the radial direction with 
5 respect to the axis of the rotor 3 while the 
latter rotates, i.e. they take up only its 
radial oscillations, therefore these elastic 
components 11 will further be referred to as 
radial components. 

10 The elastic components 12 of the group 
B take up the oscillations of the rotor 3 
about any horizontal axis as the rotor rotates 
and they will subsequently be referred to as 
axial components. 

J 5 Fig. 1 shows a centrifuge with the support 
assembly 4 of the rotor 3 wherein the elastic 
support 10 rotates together with the drive 
shaft 7. * 

This is accomplished, according to the in- 
M vention, by that the elastic components 11 
and 12 of the two groups A and B in the 
support 10 are simultaneously connected with 
the adaptor 14 of the drive shaft 7 and with 
the rigid component 13 fastened to the fiance 
^ 15 of shaft 16 of the rotor 3. 

The radial elastic components 11 in the 
elastic support 10 enable the revolving rotor 
3 to displace independently (together with 
the rigid component 13) in the radial direo 
*v Hon with respect to the drive shaft 7 and to 
displace independently in the axial direc- 
tion with respect to the drive shaft 7 due to 
the flexibility of the axial elastic components 

35 Such an arrangement of the elastic sup- 
port 10 makes it possible to change inde- 
pendently the flexibility coefficients of its 
elastic components 11 and 12 providing an 
easier adjustment of the rotor 3 from the 

40 critical speeds and a reduction in the dyna- 
mic components of the support reactions in 
bearings 6 of the drive shaft 7 in the support 
assembly 4 of the rotor 3. 
The support assemblies 4 with the rota- 

45 table elastic supports 10 can find a wide 
application in the centrifuges with heavy 
low-speed rotors 3 where the effect of the 
centrifugal inertia forces on the elastic com- 
ponents 11 and 12 is actually small 

50 Hg. 2 represents a centrifuge with the 
support assembly 17 of the rotor 18 wherein 
the elastic support 19, according to the in- 
vention, is stationary without imparting the 
torque to the rotor 18 but only supporting 

55 the latter in the vertical position providing 
for its self-centring. 

In this embodiment of the elastic support 
19 each of its radial elastic components 20 
and each of its axial elastic component 21 

60 are connected at the same time with the 
housing 22 of the support assembly 17 and 
with the rigid component 23 loosely installed 
on the shaft 24 of the rotor 18 by means of 
a bushing 25 on two radial bearings 26. 

65 As this place, the torque from the drive 



shaft 27 of the support assembly 17 is im- 
parted to the shaft 24 of the rotor 18 by 
means of an elastic clutch 28 (for example, a 
Cardan mechanism) whose flexibility coeffi- 
cient in any direction is considerably smaller 70 
than that of any of the groups A and B 
of the elastic components 20 and 21. 

Owing to the fact that the effect of the 
centrifugal inertia forces on the elastic com- 
ponents 20 and 21 is eliminated in such non- 75 
rotatable support assemblies, the latter can 
widely be utilized with light high-speed 
rotors. 

The elastic supports 10 and 19 are repre- 
sented by their embodiments disclosed in the 80 
invention. 

Fig. 3 shows the first embodiment of any 
of the elastic supports 10 and 19 in the form 
of an integral part wherein the rigid bush- 
ing 29, according to the invention, serves as 85 
the rigid component, and the group contain- 
ing four radial elastic components which 
form the radial elastic field of the support is 
constructed in the form of a thin-walled 
elastic bushing 31 installed concentrically 90 
with the bushing 29 and connected to the 
latter by four radial webs 32 uniformly 
arranged on the circumference. 

Four radial projections 33 disposed in the 
centre between two adjacent radial webs 32 95 
are located on the outer surface of the thin- 
walled bushing 31. 

Thus each of the radial elastic compon- 
ents 30 is formed by a section of the bush- 
ing 31 located between two adjacent radial 100 
projections 33 whose cylindrical surface is 
the outer surface among the fit surfaces of 
the elastic support 

The inner surface of the rigid bushing 29 
serves as the inner fit surface of the said 105 
elastic support 

Each radial elastic component 30 works 
as a beam on two supports (radial projec- 
tions 33) subjected to a radial load directed 
along the radial web 32. jjq 

The group of the axial elastic components 
is formed of an elastic washer 34 installed 
co-axially with the rigid bushing 29 facing 
its upper end and connected with the latter 
by four axial webs 35 uniformly arranged 115 
on the circumference. 

Four axial projections 36 disposed in the 
centre between two adjacent axial webs 35 
are located on the outer end of the washer 
34. The washer 34 can also be disposed 120 
under the rigid bushing 29, the number of 
washers being one or more on both ends of 
the bushing 29. 

Thus each axial elastic component is 
formed by a circular sector of the washer 34 125 
located between two adjacent axial webs 
35 and it works (analogously to the radial 
elastic component) as a beam rested on two 
supports which are the axial projections 36. 

In Fig. 4 the elastic support of the above- 130 
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mentioned construction is installed in the 
support assembly of the rotor for which the 
elastic support with the inner fit surface of 
its rigid component, the bushing 29, is put 
5 on the shank of the shaft 37 of the rotor 
(not shown) and fastened to it against rota- 
tion by a cotter 38 and against displacement 
hi the axial direction by a nut 39. 
The elastic support with its outer fit sur- 

1U face is installed in the adaptor 40 of the 
drice shaft 41 of the support assembly and 
fastened to the adaptor against rotation by 
a cotter 42. The support is held at the bot- 
tom by the cover 43 and at the top — by 

" the nut 39. Provided there is no clearances 
between them, linearity of the elastic sup- 
port is attained, the elastic support being 
fabricated from non-compressible material, 
for example^ metal. 

20 The required flexibility coefficients of the 
radial elastic components of the support are 
selected by varying the thickness and the 
diameter of the thin-walled elastic bushing 
31 (Fig. 3) and by the number of the radial 

25 webs 32. 

Analogously, the flexibility coefficients of 
the axial elastic components of the support 
are selected by varying the thickness and the 
diameter of the end washer 34 and by the 

30 number of the axial webs 35. 

Fig. 5 shows the second embodiment of 
the elastic support also constructed as an 
integral unit 

It has three concentric bushings 44, 45 

35 and 46, the inner and the outer bushings 44 
and 46 respectively being the support bush- 
ings, and the intermediate bushing 45 being 
the elastic bushing connected with them by 
radial webs 47 and 48 staggered so that they 

40 form together with the bushing 45 the group 
of the radial elastic components. 

Facing both ends of the bushing 44 are 
washers 49 and 50 located co-axially with 
it, the outer washers 49 being the support 

45 washers connected to the inner thin-walled 
elastic washers 50 by the axial webs 51, and 
the washers 50 fo rmin g the group of the 
axial elastic components are connected to 
the ends of the inner support bushing 44 by 

50 the axial webs 52 staggered with respect to 
the web 51. 

The number of elastic bushings 45 and 
that of the washers 50 can actually be arbi- 
trarily selected having the interconnecting 

55 webs staggered in the adjacent rows. 

The flexibility coefficients of such a sup- 
port both in the radial and the axial direc- 
tions are determined as the flexibility co- 
efficients of a number of in-series connected 

60 springs assuming each elastic bushing or 
each elastic washer for one spring. 

The larger the number of the in-series 
connected radial or axial elastic compon- 
ents, the smaller the flexibility coefficient 

65 of the elastic support in the corresponding 



direction. Thus, by varying the number of 
the rows of the elastic components, it is 
possible to alter the flexibility coefficients of 
the elastic support without changing its 
strength. 70 

Fig. 6 and 7 represent the third embodi- 
ment of an elastic support of the rotor con- 
structed as an integral unit 

The rigid component of this support is 
constructed in the form of two concentric 75 
support bushing 53 and 54 with a group of 
radial elastic components located therebe- 
tween and formed by three similar uniform- 
ly-spaced elastic sectors 55 of a cylinder 
co-axial with these bushings 53 and 54. 80 

Each of such cylindrical sectors 55 has 
one generant connected to the inner support 
bushing 53 by means of the radial web 56, 
and the other generant connected to the 
outer support bushing 54 by means of the 85 
other radial web 57. 

The group of the axial elastic components 
in this support is formed by flat elastic an- 
nular sectors 58 of the same length which 
are located by three at each end of the inner 90 
support bushing 53 and are spaced uni- 
formly on the circumference in the plane 
co-axial with the bushing 53. 

One end of each flat sector 58 is con- 
nected to the inner support bushing 53 by 95 
means of the axial web 59, and the other 
end is connected by means of the axial web 

60 to the end of the outer support washer 

61 also installed co-axiafly with the inner 
support bushing 53. 100 

When such an elastic support of the rotor 
rotates, its inner support bushing 53 is fas- 
tened to the rotor shaft (as the bushing 29 
in Fig. 4), and the outer support bushing 54 
and the support washer 61 are fastened in 105 
the like manner to the adaptor of the drive 
shaft 

All the elastic components in this elastic 
support (the cylindrical sectors 55 with the 
radial webs 56 and 57 and the flat sectors H0 
58 with the axial webs 59 and 60) work as 
cantilever beams. 

The flexibility coefficient of such an elastic 
support in the axial direction is determined 
as the flexibility coefficient of the two in- 115 
parallel connected springs with the row of 
elastic flat sectors 58 which face one of the 
ends of the support bushing 53 correspond- 
ing to one of the springs. 

The flexibility coefficient of each of the 120 
elastie flat sectors depends on their number 
in the row, their thickness, width and aver- 
age diameter. 

All the above-mentioned embodiments of 
the support assembly of the rotor are listed 125 
below in the increasing order of their flexi- 
bility coefficients (with similar sizes of thin 
elastic components): 

— an elastic support shown in Kg. 5 has 
more than one elastic component in each 130 
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direction, and the more rows of elastic com- 
ponents there are, the lower flexibility co- 
efficients of the support in that direction; 
— an elastic support of Fig. 3; 
5 ~ an elastic support of Fig. 6 and 7; 
, — an elastic support of Fig. 5 with one 
row of elastic components in each direction. 

All the considered embodiments of the 
elastic supports ensure by dry friction not 

10 only their flexibility in the required direc- 
tions, but the damping of the rotor oscilla- 
tions in the same directions, since during 
radial displacements of the rotor only the 
outer end surfaces of the elastic supports 

15 slide on the conjugated surfaces, and during 
angular (rolling) oscillations of the rotor 
only the lateral outer surfaces of the elastic 
supports slide. 
The embodiments of the elastic supports 

20 acamling to the invention that follow be- 
low are proposed to provide support assem- 
blies of the rotor wherein the oscillation of 
the latter is eliminated. 
Fig. 8 shows a rotatable elastic support 

25 wherein the rigid component is constructed 
in the form of a bushing 62 coaxially ar- 
ranged with the shaft 63 of the rotor and 
suspended from the flange 64 of the drive 
shaft 65 by three elastic rods 66 uniformly 

30 spaced on the circumference which is co- 
axial with the shaft 63 of the rotor. 

These rods 66 form the elastic radial field 
of the support and have on both ends the 
conical fit surfaces 67 to fix them rigidly in 

35 the appropriate holes in the end 68 of the 
bushing 62 and in the flange 64 of the drive 
shaft 65. 

The flange 69 of the shaft 63 of the rotor 
is installed in the cavity of the bushing 62 
40 having a cover 70 which closes it from 
below. 

The elastic end washers 71 and 72 forming 
the elastic axial (rolling) field of the support 
are fastened to both ends of the flange 69 

45 in the bushing 62. 

To impart the torque from the bushing 
62 to the shaft 63 of the rotor, the lower 
washer 71 is fastened to the cover 70 by the 
pin 73, and the upper washer 72 is fixed to 

50 the flange 69 of the shaft 63 of the rotor by 
means of the pin 74. 

The two washers 71 and 72 are fixed 
against radial displacements with respect to 
the bushing 62 by their stationary fit in its 

55 inner cylindrical portion and against radial 
displacements with respect to the flange 69 
of the shaft 63 of the rotor by their station- 
ary fit on the cylindrical surfaces of the pro- 
jections 69a located at both sides of the 

60 flange 69 of the rotor. 

To avoid the non-linearity of the axial 
(rolling) elastic field of the support, the 
flange 69 of - the rotor and one or the two 
washers 71 and 72 are installed in the bush- 



ing 62 by pressing them with the cover 70 so 65 
that no clearance is allowed. 

Fig. 9 shows one of the possible embodi- 
ments of fastening the vertical rods 66a when 
the lower end of each rod is secured in the 
bushing 62a by means of the spherical pivot 70 

If it is necessary to provide a more pliable 
radial elastic field of the rotor support, such 
pivots 75 can also be installed on both ends 
of the rod 66a. 75 

Fig. 10—13 represents embodiments of the 
elastic end washers for the elastic support 
shown in Fig. 8. 

Fig. 10 shows an end washer constructed 
in the form of an elastic thin ring 76 having 80 
3 axial projections 77 and 78 on each end 
which are uniformly spaced on the circum- 
ference, with the axial projections 77 on one 
of the ends of the ring 76 being located in 
the middle between the two adjacent pro- 85 
jections 78 on its other end. 

This ring 76 has also inner radial projec- 
tions 79 located in the areas of the axial 
projections 78, and in the areas of the axial 
projections 77 on the other end of the ring 90 
76 there are the outer radial projections 80. 

The inner cylindrical surface of the radial 
projections 79 fix the said elastic washer in 
the radial direction on the projections of the 
flange 69 of the shaft 63 of the rotor (see 95 
Fig. 8), and the outer cylindrical surface of 
the radial projections 80 fix this washer in 
the radial direction in the bushing 62 (see 
Fig. 8) of the shaft 63 of the rotor with 
respect to the bushing 62 oscillating radially. 100 

Fig, 11 shows an embodiment of the end 
elastic washer constructed in the form of a 
ring with three through sector slots 81 loca- 
ted in the plane prependicular to its axis 
and divided by the radial webs 82. 105 

Located opposite the middle portion of 
each slot 81 are the axial end projections 83 
which together with the slots 81 form the 
elastic component of the ring. The lower 
rigid portion 84 of the washer has a 110 
larger outer diameter than its upper portion. 
The lower portion 84 of the washer has its 
outer cylindrical surface fitted stationary in 
the bushing 62 (Fig. 8). 

The said washer has radial projections 85 115 
located in the areas of the axial projections 
83, with the inner surface of the former in- 
stalled along the stationary fit on the projec- 
tions of the flange 69 (Fig. 8) of the rotor 
shaft 63. 120 

This accomplishes the radial fixing of the 
flange 69 of the rotor shaft 63 with respect 
to the bushing 62. 

This embodiment of an elastic washer 
makes it possible to increase the axial flexi- 125 
biEty of the elastic support without increas- 
ing its size. 

Fig. 12 shows an embodiment of the end 
elastic washer constructed in the form of a 
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~ flat ring with two rows, each one comprising 
three through sector slots 86 and 87 located 
in the planes perpendicular to the ring axis 
and divided by the radial webs 88 and 89, 
5 with the webs 88 being located in the centre 
between the two adjacent webs 89. 

The fixing of the flange 69 (Fig. 8) of the 
rotor shaft 63 and the bushing 62 is accom- 
plished by fastening the outer cylindrical fit 

10 surface 90 of the upper rigid portion 91 of 
. . the elastic washer having a large diameter 
than its remaining portions to the inner 
cylindrical fit surface 93 of the lower end 
portion 92 of the washer having a smaller 

15 diameter than the remaining portions of the 
ring. 

The fit surface 93 is installed along the 
stationary fit on the projection of the flange 
69 (Fig. 8) of the rotor shaft 63, and the fit 
20 surface 90 is installed along the stationary 
. fit in the radial bushing 62. 

Such a construction of the elastic washer 
makes it possible to reduce the axial flexi- 
bility of the elastic support without decreas- 
25 ing its strength. 

Fig. 13 represents an embodiment of the 
end elastic washer constructed in the form of 
a ring with one row consisting of three 
elastic components 94 located in one plane 
30 perpendicular to the ring axis, with one end 
of each elastic component being connected 
by means of the axial web 95 to the lower 
rigid end portion 96 of the washer, and the 
other end being connected by means of the 
35 other axial web 97 to the upper rigid end 
portion 98 of the washer. 

The fixing of the flange 69 (Fig. 8) of the 
rotor shaft and the radially-oscillating bush- 
ing 62 is accomplished in the same way as 
40 in the case of utilizing the elastic washer 
shown in Fig. 12. 

The embodiments of the rotor elastic sup- 
ports given in Fig. 8 — 13 which do not allow 
for damping its oscillations (with similar sizes 
45 of the elastic components) are ranked as fol- 
lows according to the increasing order of 
their flexibility coefficients : 
the embodiment of the support of Fig. 8; 
the embodiment of the support of Kg. 9. 
50 As regards the axial (rolling) flexibility 
coefficient : 

the embodiment of Fig. 12 with a number 
of rows of the slots 86 exceeding two, and 
the more there are rows of the slots 86, the 
55 smaller the flexibility coefficient of the sup- 
port; 

the embodiment of Fig. 11; 
the embodiment of Fig. 13; 
the embodiment of Fig. 12 with two rows 
60 of the slots 86. 

It should also be noted that it is possible 
to have any combinations of the considered 
embodiments of the radial and end elastic 
components of the rotor elastic support 
65 All the considered embodiments of the 



elastic supports of the vertical rotor can be 
applied to both versions of the vertical centri- 
fuges shown in Fig. 1 and 2. 

In the first version (Fig. 1) of the centri- 
fuge the rotatable elastic support imparts 70 
four degrees of freedom to the rotor, these 
degrees being necessary to attain the effect 
of its self-centring and transmits the torque 
from the driven shaft of the support assem- 
bly to it 75 

This determines the applicability of the 
considered embodiment of the rotor elastic 
supports for comparatively low-speed centri- 
fuges. 

In case of applying such elastic supports 80 
(especially the supports whose radial field is 
created by the vertical rods) to high-speed 
centrifuges, the stresses induced in its elastic 
components due to the centrifugal forces of 
the inertia will exceed the allowable ones. 85 

In order to eliminate the effect the inertia 
centrifugal forces have on the strength of the 
elastic components of the elastic supports, 
these supports should be statiaonary, as is 
shown in Fig. 2. 90 

WHAT WE CLAIM IS:— 

1. A resilient rotor support for a centri- 
fugal machine having a drive member driv- 
ingly connected to a vertical rotor assembly; 95 
said support comprising an elastic support 
adapted to carry the rotor assembly in an 
upright position and including a first group 

of elastic components consisting of at least 
three elastic components which in the 100 
course of rotation of the said rotor assembly 
oscillate only in a radial direction with re- 
spect to the axis of the said rotor and a 
second group of elastic components consist- 
ing of at least three elastic components which 105 
in the course of rotation of the said rotor 
assembly oscillate only in an axial direction 
relative to the rotor assembly; and a rigid 
member interconnecting the elastic compon- 
ents of the said first and second groups. 110 

2. A support as claimed in claim 1, 
wherein the elastic components of the two 
said groups are adapted for simultaneous 
connection to the drive member for rotation 
therewith to impart a torque to the rotor 115 
assembly, with the rigid member drivingly 
engaging the rotor assembly. 

3. A support as claimed in claim 1, 
wherein the elastic components of the two 
said groups are adapted for simultaneous 120 
connection to a stationary casing portion of 
the centrifugal machine, with the rotor 
assembly rotating loosely in the rigid mem- 
ber, the rotor assembly being adapted for 
connection to the drive member by means of 125 
an elastic clutch whose flexibility coefficients 
are substantially less than that of any of the 
said groups of elastic components. 

4. A support as claimed in claim 2 or 3, 
wherein the rigid member is in the form of 130 
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a r^gid bush, and the first group of elastic 
components is formed by an elastic bush 
concentric with the said rigid bush and con- 
nected thereto, by radial web means uni- 
^ formly spaced annularly around the elastic 
bush with the said elastic bush having on its 
outer surface radial projections located inter- 
mediately of said axial web means, and the 
second group of elastic components is formed 

iU by an elastic washer co-axial with the said 
rigid bush and located at least at one end 
of the rigid bush, the washer being 
connected to said one end of the 
rigid bush, by axial web means uni- 

° formly spaced on the circumference of the 
washer, with the said elastic washer having 
on its outer end axial projections located 
intermediately of the said axial web means. 

5. A support as claimed in claim 4, 
wherein two or more concentric bushes are 
interconnected by radial webs arranged in 
adjacent staggered rows. 

6. A support as claimed in claim 4, 
wherein two or more washers are provided 

25. and connected to each other and to the rigid 
member by means of axial webs arranged in 
adjacent staggered rows. 

7. A support as claimed in claim 2 or 3, 
wherein the rigid member is in the form of 

30- two concentric support bushes, with the first 
group of elastic components located there- 
between and formed, by a plurality of elastic 
part cylindrical portions extending coaxially 
with said bushes, with each of the said part 

35 cylindrical portions connected to the inner 
support bush by means of a radial web loca- 
ted at one side edge of the portion, and to 
the outer support bush by means of a second 
radial web located at the other side edge of 

40 the portion, and the second group of elastic 
components is formed, by flat annular sector 
parts uniformly located at one end of the 
said inner support bush, each of the said sec- 
tor parts having one end connected to the 



end of the said inner support bush by means 45 
of an axial web and the other end connected 
to the support washer by a further axial 
web. 

8. A support as claimed in claim % 
wherein the rigid member is in the form of a 50 
rigid bush adapted for location around a 
rotor shaft and is adapted to be suspended 
from an annular flange of the drive shaft by 
means of vertical elastic rods uniformly loca- 
ted around the flange, which rods constitute 55 
the first group of elastic components and the 
second group of elastic components is in the 
form of an end elastic washer located inside 

the rigid bush, the bush having its lower end 
adapted to support a flange of the rotor 60 
shaft, the washer being located below the 
rotor shaft flange. 

9. A support as claimed in claim 8, 
wherein a second end washer is provided 
inside the rigid bush for location against 65 
the upper surface of the rotor shaft flange. 

10. A support as claimed in claim 8, 
wherein the ends of each of the said rods 
are rigidly fixed. 

11- A support as claimed in claim 8, 70 
wherein any of the ends of each of the rods 
is fastened by means of a spherical pivot, 

12. A rotor support for a centrifugal ma- 
chine substantially as hereinbefore described 
with reference to any one of Figs. 1 and 5 75 
to 7, or F^gs. 2 and 5 to 7, or to Fig. 4, or 
to any one of Figs. 8 and 10 to 13 or to 
Fig. 8 as modified by Fig. 9, of the accom- 
panying drawings. 
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